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The Technology Application Center (TAC) is

one of six NASA-sponsored, nonprofit, re-
gional centers for the transfer of technology
to industry, local government, and the private
sector in general. Through TAC, access to
most of the worlid's available technical
information is conveniently and inexpensively
provided to potential users, regardless of
their size or technical interest area.

Through its professional staff, TAC offers
a wide variety of technical information and
technological support services.

You are invited to contact the center directly
for details and a discussion of how we can
further serve your needs.

Technology Application Center
University of New Mexico
Albuquerque, New Mexico 87131
(505) 277-3622

This material is disseminated under the
auspices of the National Aeronautics and
Space Administration in the interest of
information exchange. WNeither the United
States government nor the University of New

Mexico assumes any liability for iis content
or the use thereof.
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AT

PREFACE

Heat Pipe Teghnology is a continuing bibliographic summary
of research on heat vipes. The first volume was published

in the Spring of 1971 and is cumulative through March of

that year. The 1971, 1972, 1973 and 1574 Annual Supplements
as well as the 1975 and 1976 Quarterly Uvdate Series have
been published and distributed. Additional copies are avail-
able from the Technology Application Center. '

This update to Heat Pipe Technology cites the additional
references identified during Apirl, May and June of 1977.
It is the second of the 1977 quarterly series intended to
provide "current awareness" to heat pipe researchers.

A library containing essentially all of the articles and
publications referenced in this update, and in all the
orevious volumes is maintained at TAC. Althcugh a consid-
erable effort has been made to insure that the bibliography
is complete, readers are encouraged to bring any omissions
to the attention of this office.
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[. CGENERAL INFORMATICN, REVIEMS, SURVEYS

EP77 10002 HZAT 2IPE THEORY AND 2RACTICE (3CCX)

Chi, §.W., (George Washington University, Wasnington, DC), 236 9., §7 refs, 1276, Hemisphere 2ubl.
Corp., Washington, DC: McGraw-zill 3occk Co., NY, A77-14825
Avail:TAC .

The opverating Principlss of heat pipes (HP) axe described along with a discussion of
different types of HP, and the underlying thecrv, dssign, and Zfabrication of HP. working i
fluids, wick cenfigurations, reservoirs, and pipe materials are dealt with, and cleaning,
assembly, evacuaticn, charging, and closure of ZP ara covered. apillary action, sonic limita-
tion, entrainment limitation, boiling limitation, intarfaca conditicns, startup difficulities,
ané control and nodulaticn of 3P ara discussed. Applications discussed include: heat ex-
changers, space heating, industrial precesses, cryosurcery, heating/ventilation/air conditioning
systems, de-icing, nheat sinks, and thermal energy recovery. 2ractical numerical design examplas
are included in zhe text.

(DESIGN, FASRICATION, APPLICATIONS) *
EP77 10003 EEAT PIPES A

Kennedv, R.D., Silletto, J., Quest, V 1:39-52, Winter 1975-1977, A77-23372
Avail:TAacC

Limitations of conventional modes of transferzing heat in a spacscraft are discussed.
Attention is focused on a new tyre of device called the heat pipe, which in its simplest Zform
is a type of rerflux hoiler. The principles of operaticn ¢f toth devices are outlined. The

operation of 2 heat pipe is the same as in the redlux tcilsr except that tie condensed liguid

w1
returns &2 the evaporator through capillarvy action in a wick instead of by gravity. Heat pipe
versatility is discussed Zfor varicus applications, with specizl emphasis on space applicatiocns.
The develcopment of a variable concductance heat pige is described, along with its modification
for closer temperaturs requlation by addition of a heater ccil arocund the noncondensable gas
regserveir and a temperature-control feedback circuit. The technology is not yet fully mature,
but as more and more practical agplications ara Zcund, that maturiiy will come. ther potential
applications include the use of heat pipes for laser mirrcr cooling, heat transfer in sclar
energy systems, and coal gasification.

(APPLICATICNS, VCHP)

EP77 12004 HEAT PIPES AND THEIR TICINICAL APPLICATICNS

Vasiliev, L.L., Inzhenerno-Fizicheskii Zhkurnal, ¥V 31:305-330, Yov 1376, A77-22413, In Russian

A general review paper on heat gipes is presented with actention given to prianciples of
operation. Also considered are transfer procasses in neat-pige wicks, the effect of the stouc-
tural characzeristics of a wick on convective transfer of the working f£fluid, ané heat and mass
transisr in the wicks of low-temperaturs heat pires, Aapplications of heat pipes in such fields
as energy and electrical tschnelogy are investigated with particular emghasis on the use of .
heat 2ipes in heat exchangers. The structural cesign of heat zipes is considered ané disfasrent .
tyves of heat pipes are reviewed inicluding cas-zreguiated pipes, pipes with regqulated steam
£lcw, pipes with regulated liguid f£low, centrifugal neat pipes, mulzi-component pipes, scraw-
type heat pipes, two-phase gravitational heat siges, coaxial heat pipes, and electrohydrodynamic
heat pipes.

(REVIZW, WICXS, APPLICATIONS, CESIGN) '



IT. HEAT PIPE APPLICATIONS
II. A. GEZNERAL APPLICATIONS

EP77 20010 EZNERGY CRISIS 3ROADENS EEAT PIPE APPLICATIONS

-
|
|
|
|

Behrens, C.W., ed., Ruzic, N.P., (NASA Technology Transfer Consultant), Appliance Wanuhacturer}

p. 50-35, Apr 1877

Avail:TAC 3
This report intrcduces several household apolications of heat =‘pes such as heat recovery

equipgments for chimnev flue gases, neat oipe crzdale, Zrozen food thawing oven, deep-fat fryer,

and ventilaticn system. Because cf their afficient heat transfer capability, heat pipes hold

great promise for reducing energy ccrsumpticn in leating, ccoling, veantilating, ané also ccoking.

(BEATING, CCOLING, VENTILATION, CCOKING, APPLIANCIS)

8277 20011 HEAT PIPES AND THZIRX INSTRCMENT APPLICATIONS

Finlay, I.C., Green, D.2., (Energy Div., National Engineering Lab., Glasgow, Scotland), Journal
of Physical Engineering, V 9:1026-1035, N12, 56 refs, 1376
Avail:TAC

A review is given of the principal oparating characteristics of heat vipes, and the factors
governing their selection, design, and manuf. are discussed. The use of heat pipes to improve
the performance of scientific instruments is described.

(DESIGN, MANUTACTTURE)

E277 20012 A SOLAR HQUSE WiITH HEAT PIPE COLLECTORS

Gehzke, G., Ene'g-e-wl tschaftliche *aqesf:agen, 26:728-728, Dec 1976, A77-18598, In German

A description is given of a solar house projecs Lﬁvolvznq the installation of collector
on the roof of a residential house lccated at the outskizts of EZssen in West Germany. The sclar
ipstallation provides heating for a rssidential area ¢f 190 sg a. ZSnergy for hot-water sucply
system is also surplied. A heat storage system provides a heat reserve for days on which the
amount of solar radiation is insufficient.

(WEST-GERMANY, HEATING, STORAGE)

2977 20013 SOME MATERIAL CONSIDERATIONS INVOLVED IN THE APPLICATICN OF SOLAR EMNERGY TO
ELICTRIC POWER GENERATION -

Gervais, R.L., Taketani, H., Babel, H.W., Pittinata, G.F., (McDomnell Douglas Astronautics Co.,.

Hun‘*ng on 3each, CA), SAMPE Jourmal, V 12:12-13, N2, 137§

Avail:T ’ . . :

A p:ogress r2port on two of the major matarial tasks associatad with solar elecetricity
power is given, The activities and issues associated with <he ‘ormation of noncondensacle
gases in-‘water heat pipes are discussed together with some of the activitias and issues
associated with material selection and scme fabrication conszde'atzons for %he concentrator.

(MONCONDENSABLE-GASES, WATER, CONCENTRATCR)

EP77 20014 CAZSUMILCMINESCENT REACTIONS IN A EEAT PIPE bVEN

Hessel, M.M., Orullinger, R.E., 3roida, H.P., (NBS, 3oulder, CO), Journal of Applied Physics,
V 46:2317-23138, NS5, May 1975 -
Avail:Tac

A heat-pipe oven has bheen used ta contain and contrsl the chamiluminescent rsaction 3a +
N20yieldsBao + N2. The heat-pipe oven permits Ba vapor o be paintained at any desized pressure.
Reacticns were easi ’y contzolled by varying the flow rate of N30 cr pressure of Ba. A large
volume (about 20 cm3) of chemiluminescence was produced and spectra were taken from 0.1 to 5
torr. This device is well suized 23 %he study and control of chemical rsaczions between metal
vapors and oxidizers.

(SPECTRA, CEZIMICAL-REACTIONS, METAL~VAPORS, OXIDIZERS)

HP77 20015 MEASUREMENTS OF SC I GFf~-VALUES

Parkinson, W.H., Reaves, Z.4., Tomkinsg, F.S., (Harrard Collage Obserwvatorv and Smithsonian
Astrophysical Obse—vatory, Cambridge, KA), Royal Society, Lendon, Proceedings, Serias A,

«SZAa_= S N-V-0rd 1A walf= Mo & aTte ATV _1ra~A
v 381l: .:v.v—.a:':\, w1567, 13 sefs, Dec §, 1276, 8A77-15278

Avail:TAC
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(OVEN, ENERGY-ILEVEL)

gP77 20015 CERAMIC IEAT 2IPE HEAT ESXCIANGERS

Ranken, W.A., (Los Alamos Scientific Lab., WM}, 8 p., Sept 1376, LA~6514-MS ?
Avail:TAC \
Bigh-temperature strangth, rasistance to cor-osive atnosvheres, and moderate cost csmdine
to make ceramic materials an obvious choice far c:nstruction of high-temperature thermal a2nergy
racuperator systams. Despite these advantagas, c2ramic Tacurerasers ire 3taadily seing re-
2laced by metallic units at considerable sacs if‘:e in maximum air cox fuel praZeat tamperacurss
ané hence in racovery 2ZZiciency. Tais i3 hecatse axisting ceramic designs cons in a large
aunber of cementad joints which, under the influence o diffaren=ial thermal excansicn znd
vitration, tend to open up and produce very larce leakage rates between the eznaus. and praneat
streams. By constructing a racuperator from ceramic heat pipes, the number of joints and the
thermal stress to which they are subjected can be greatly reduced, anéd very low leakaga rates
can, in principle, be obtained. Methods of fabricating ceramic heat pipes are described and .
a conceptual recucerator design is presentad. 2ctantial applications of this type of unit
are aiso briefly discussed.

(RECUPERATOR, HEAT-RECCVERY, LZAKAGE, DESIGN)

.
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3277 20017 USE OF HIAT PIFES FOR HIAT SUPPLY OF ZOTROUSES

Sklvarenko, 0.4., Berezovskii, V.A., Olenko, E.3., (USSR), San. Takhnika. Resp. Mezhved. Nauch.-
tekhn. Sb., V 16:47-43, 1376, I2 Russian )

Yo abstract available

SP77 20018 GAS-FIRED HEZAT ?IPE‘biCUUM FURNACE

Stadelmann, M., Translated from Schweiz. Tech. Z., V 71:40-43, 6 p., Jan 17, 1974, ERDA~-tr=-211
Avail:TAC

A prototype natural gas-firsd vacuum furnace for heat treatments and brazing was <evelcped.
A heat pipe i3 used to transfer hZeat {rom a ccmract high-temperature buzrner to the vacuum cham-
ber. The furnace can be crerated at temperatures up to 1037.59C wita a vacuum of 5 x 10-% torx.
The temperature is autcmaticaliy controlled, and the fuel-air ratio is continuously monitored
to optimize efficiency.

(SEAT-TREATMENTS, 3RAZING, IFFICIZNCY)

>
-

I. 3. THSRMIONIC MND THERMOELECTRIC CONVERTERS. -~ . . - . - . -

P77 21004Q 2EAT PIPE YUCLZAR REACTOR FOR SPACE POWER ’ :

Roenig, D.R., (Los Alamos Scientific Lab., ¥YM), 22 p., 1976, LA~-UR~76-998
Avail:TAC

A heat-pipe cooled nuclear rsactor was designed to provide 3.2 MW(t) to an out-of-core
thermionic conversion system. The reactor is a fast reactor designed to operate at a nominal
heat pivpe tamperature of 1673°%. Each reactor fuel element cocnsists of a Hntagonal Mo hleck
which is bonded along its axis to one end of a2 Mo Li vapor heat pige The block is perZoratad
with an array of longitudinal holes which are loaded with U0, pellets. The heat pipe transiars
heat directly to a string of § thermicnic converters which are bonded along the other end of
the heat pipe. An assembly of 20 such £fuel elements Zorms a hexagonal core. The cors is
surroundad by a thermal radiation shield, a tain thermal 21 absorber and a 2e0 raflector contain-
ing 30 loadad ccntrel drums.

(THERMICNIC~CONVERSION, FUZL, CORE)

gP77 21001 BEAT ?IPE RSACTORS FOR SPACT ?QWER APPLICATIONS

Xoenig, D.R., Ranken, W.A., Salmi, =.W., (Los Alamos Scientific Lab., MM}, American Institute
of Aeronautics and Astronautics, Conference on the Future of Aersspace Power Systems, 3t. Louis,
MO, Paper Yo. 77-4391, 3 p., 12 refs, Maxr 1-3, 1377

Avail:TAC

A family of heat pipe reactors design cencepts has been develored to provide heat t2 a
variety of electrical conversion systems. Three power plants are cdescribed that span the power

()
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sanga 1-300 XWe and crerate iz «h
feas-cipe ccoled, high-zamperizu
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soint Zailure mechanisms, tie raiatively high operating temperature, ané the expectad long
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(FUELS, MCLYBDENUM, LIQUID-METALS, AZROSPACI APPLICATIONS, NUCLEAR SYSTEMS) : \

II. C. AEROSPACE ORIENTED APPLICATIONS

€277 22006 TEST ?RCGRAM FOR TRANSMITTER IXPERIMENT PACIAGE AND JEZAT PIPE SYSTEM FOR THE
COMMUNICATIONS TICIUOLOGY SATESLLITE

‘-
DePauw, J.Z., Reader, X.Z., Staskus, J.V., (NASA, Lewis Research Center, Cleveland, OH),
NASA~TM~X-3455, 38 p., Nov 1976, N77-1l1268 i :
Avail:TAC

The test program is described for the 200 watt transmitter experiment package and the
variable conductance heat pige system which are componants of the high-pocwer transponder aboard
the Ccmmunications Technology Satellite. The program includes gqualificaticn tests o demonstrata
design adequacy, acceptance tests to expose latent dafec=ts in flight hardware, and development
tests Lo integrate the components into the transponder sysctam and to demcnstrate compatibility.

(VCEP, TESTS, TRANSFONDER)

BP77 22007 PERFORMANCE EVALUATION OF THE ESA LEAT PIPES INCLUDED IN THE INTERNATIONAL HEAT
PIPZ SXPERIMENT (IX?E) Final Repore

!uenzel, W.D., (Stuttgart Univ., West Germany), 88 :.,'June 1978, ESA-CR(?)=-855, N77-16301
Avail:T

;a 0c~ober 1974, heat pices ccntaznznq acetone and ammonia were tested in a zero ¢ anvi-
ronment cnboard a 3lack 3rant sounding rockst as part of tie Intarnational Heat 2ipe :xcer.ment.
The preflight performance tests, =he performance in f£flight, and tests persormed after flight
are described. The various resulzs ara ccmpared.

(ACZTZNE, AMMONIA, RCCXET, TESTS)

#2277 22008 DEVZLOPMENT OF A THEXMAL DIODEZ HEAT 2I2S FOR CRYOGZNIC APPLICATIONS
Quadrini, J.2., (Grumman lercspace Corp., Bethpage, NY), McCreight, C.R., (NASA, Ames Research
Canter, Moffett Field, CA), AIAA, Aerospacs Sciences Meetznq, 15th, Los Angeles, CA, Paper MNc.
77-192, 12 »., 10 re:s. Jan 24-26, 1377
Avail:TAC
The raper descrilkes the develcpment of a crvoganic thermal diode heat pipe for space £flight

applications. The diode has ethane working fluvid, and uses the ligquid blockage techiigue with
an- internal blcck-ng orifice, to-accomplish shutsff in the reverse .méde. The pipe is 0.635 cm
OD by 75.82 cm leng including a 2.34 cc excass liguid reserveiz. Zxcerimental data are pre-
sented for ‘orward mode throughput vs tils, £ilm coefficients, and reverse nmode characteristics.

Transport capacity is 1000 w-cm at 2.5 cm tilt. Evaporatsar ané condenser £ilm cocefficients '
were 0.92 and 1.64 w/sg cm X, respectively.

(ORIFICZ, TILT, FILY-CCEFFTICIENTS)

EP77 22009 RADIATIVE TRANSFER AND THERMAL CONTRCL

Smith, A.M., ed., (ARQ, Inc., Arnold Air Force Station, TN), AIAA Progress in Astronautics and
Aeronautics, V 49:367, 1976, A77-22918

The present collecticn of pacers is concerned with advances in surface system radiation,
gaseous radiation, solar collec=ors, thermal conductiviiy ané contact resistance, and heac nipes,
w#ith parsicular referaznce %o aersspace technology. 3asic concests are prasentad in srediczing
and measuring the radiacive cerZormance of raterials and surfaces under various envircnmental
conditicns. Radiation and radiavive transport in planecary atmospherss arxe discussed, aleng with
theoretical studies of radiation problems regarding planetary entzv of metsors and space probes.
Other topics of interest inclucde numerical modeling of f£lat-plate solar collecsors, aralytical
mcdels for lunar soil thermal conductivity, and bubble formation in arterias of gas-conzzolled
heat pipes.

(SOLAR~-COLLECTORS, THERMAL CONDUCTIVITY, CONTACT-RESISTANCZ)



22010 i

]

gp77 22C1a DEZVELOPMENT CF TYEIISMAL CCNTROL METHQDSE FOR SPECIALITED CCMPOMENTS AND SCIZUTIFIC!
INSTRCMENTS AT VIRY LOW TIMPERATWRES {(FCLILCW-ON) Firnal Regor:z Mar 3l-Nov 30, 137§

Wright, J.7., Wilson, 3.Z., {Rcckwell Interzational Carp., C3), NASA~CR-130152, 103 p., Nov
1976, N77-15347 .
Avail:TAC |

Many payloads curxently proposed %o te Iflcwn by the space shuttle system recuira long-
Quration ccoling in the 3 t2 200X temperature range. CImmon reguirements also exist Zor cersain
DCD payloads. Paracmetric design and optixzizaticn studies are rapor+ad Ior zultistage and diode
heat pipe radiator systams desigrned to cperate in this tamperature range. also optinized are
ground test systems or two long-liZe passive thermal control concepts operating under speciified
space environmental condiczions. The ground tast systems evaluated axe ultimacely intanded to
evolve into Ilight test gqualification prototypes for early shuttle flights.

(SEUTTLE, DESIGN, OPTIMIZATION, RADIATCR)

II. D. NUCLZAR SYSTEMS

¥No Citation in Update, June 30, 1977

ELECTRICAL AND ELICTRONIC APPLICATION

-
t4
.
1
.

No Citation in Update, June 30, 1977

-
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[I1. HEAT PIPE THEORY

III

« A. GIUZRAL THZORY

E277 30003 TLIGET DATA ANALISIS AND FURTEER SEVELOPMENT OF VARIABLI-CONDUCTANCE EEZAT PIPES

Eninger, J.E., =dwards, D.X., Luedke, E.2., (T2W Systems Group, Redondo 3each, Ci), NASA-CR~
1379383, 52 p., YNov 13976, N77-14374
Avail:TAC

The work focuses on the mathematical modeling of three critical mechanisms of heat-pige
operation: (1) the efZact that excess liguid has on heat-pipe serformance; (2} “he calculaticp
of the dryout limit of circumfsrential grooves; (3) an efficisnt mataematical model Sor the
calculation of the viscous-in
are incorporated in the ccmpu

|
!
'.
|
|

- <+

ertial interaction in the wvapecr ficw. Thesa mathematical models
tar program GRADE 1ll, which is described.

- (MODELING, IXCESS~-LIQUID, DRYOUT-LIMIT, VAPOR-IMNTERACTIQN, CCMPUTER FRCGRAM)

VA e

H277 30004 GENERATION OF GAS DURING TYHE LONG-TERM OPERATION OF HEAT PIPES

Gil, Vv.v., Minkovich, =.N., Shayrev, A.D., (Inst. Teplo-Massccbmena im. Lykova, Minsk, USSR),
Inzh. Piz, Th., Vv 31:3524-600, N4, 1975, In Russian

The reasons for gas formation in low-temperature heat pipes operating for long reriods
are examined. H-containing substances (e.g., watar, Me2C0, NE2) were used. Of the 2 rossible
reasons Zor gas generation thermal dissocilation takes place cnly above the hoiling gointx.
Chemical dissocciation of the zube material ané electrcchamical <issociation of tha liguid are
the Other reasons, of which the lattar seccrmes the determining factor <uring long-:erm crera-
tion. A method is given for calculating the amount of noncondensing gas generaced, depending
on the operation time. Good agreement of pradicted and experimenzal values ars obtained at
323-323°%. :

(THERMAL~-DISSCCIATION, CIEMICAL-DISSOCIATION, ELEZCTROCHEMICAL-DISSCCIATICON, NONCCONDENSING-GAS)

2277 30005 AN INVESTIGATION CF CONDENSATION BEAT TRANSFEIR It A CLOSED TUSE CONTAINING A
SOLUBLE NCNCCONDENSABLE GAS Final Report

Saaski, =.9W., Hanson, R.J., (Washington State Uaiv., Pullman, WA), NASA-CR-149095, 82 3.,
1976, N77-10463
Avail:TaC

A more axact one-dimensional condensation heat transfer maedel for insolublz gasas was
develcred and comparad with experizental data. Modifications =0 this model to accsmmodata
soluble gas hehavior wer2 also accomplished, and the effects cn gas fzcnt hehavicr demcnstratad.
Analytical modals for condensation heat transfer are documented, and an optical metiod used

for measuring gas conceatraticn profiles is ocutlined. ZIxperimental data is then presented and
iaterpratad.

(MODEL, GAS-FRONT, OPTICAL-METHOD)

BP77 30006 THEE ANALYSIS OF THE TEMPERATURE REGIMES OF THE OPERATION CF A GAS-REGULATED SEAT -
PIZE '

Shekriladze, I.G., Arkaniia, 2.V., Zherzholiani, G.I., Iopuriia, I.I., (Nauchno-Issladovatelskii
Institut Stabilnykh Izotopov, Tiflis, Gaorgian, USSR), Teplofizika Vysokikh Temperatur, V 1l4:
1126-1129, 6§ refs, Sept-Oct 1276, A77-17924, In Russian

The cperational heat regimes of a gas-raculated heat gipe are analyzed assuming the
temperature and concentration of the huffer gas to vary along tie heat piga. It is furcther
assumed that the temperacture of the hot buifer gas is close to that of steam saturation, and
the gecmetrv of the heat pipe, suriace heat transfer ceeifficients, the temperaturs of the
ambient medium, and the mass of the inert gas injectad into the pipe ars all given. Pressure
drops in <he pige ara neglected and the thermodynanmic garameters of the gas are described by
an ideal-gas aquacion of state. The method emploved can also be used ta take account of longi-
tudinal heat conduction ¢of the wettaned wick and of the outside ribbing.

(3CFTER~GAS, PRESSURE-DROPS, WICX)

HP77 30007 DETERMINATION OF FLCW VARTABLIZS IN TEE EVAPORATOR OF A NONUNIFORMLY-SIATED EIAT
. PIPE

Tolubinskiy, V.I., (Znc Thermophysics Inst., Acad. of Science, TSSR), Shevchuk, Ye.N., Chistodvanova,
N.V., Journal of Assoc. Ccmput. Mach., V 7:74-78, NS, Sapt-Oc%t, 1375, Znglish Translation

A set of differential equations for determining +<he pressure, velocity, temperature and
density distributions of vapor aiong a heat-pipe evaporatsl as 3 functioa ¢of hneat-Ilux nonuni-
formity is derived. The set i3 convenient fcr computer solution. Results of numerical solution
are presented.

(PRESSTRE, VELOCITY, TEMPERATURE, DENSITY, COMPUTER)




30003/31002/32002

2277 30003 STCDY OF CRYCGIVIC GaS-REGUILATID HIAT 2IPZS

vasiliev, L.L., Xonrev, 3.V., (usz2), ¥. sk., Tepicmasscozmern=5., 7 3:232-233

No abstract available

III. B. EEAT TRANSFIR

EP77 31001 EEAT TRANSFER ANALYSIS OF A ROTATING ZEAT PIFE CONTAINING INTERMNAL AXIAL FINS

Corley, R.D., (Naval Postgraduata School, ¥entarey, CA), Master =hesis, 71 2., June 1376,
N77-15307
Avail:TAC

An analytical studvy was undertaken <o Zetermine the twe-dimensicrnal wall conducticn elfaces
in an internally Zinned, rotating heat pige. The fSinide slement nethod was emploved ©o zenariza
csmputer results or a ccoper condenser with trianguliar fins., =Heat <ransfer ratas ware shown o
be approximately seventy-Zive percent greater than those pradictaé by an earlier, one-dimensional
analysis. Heat transfer ratss were found to be insensitive to rotational speed and fin half-
angle. Due to numerical difZiculties within the finite element pragram, no data was obtained
for the finned, stainless steel condenser.

(FINITE-ELEMENT, HEAT-TRANSFER-RATE)

%277 31002 EFTICTS OF ONE-SIDED HEAT INPUT AND REMCVAL ON AXIALLY SRCOVED HEIAT PIPE PERFORMAN

Xamotani, Y., (M&SA,Goddard Space Flight Canter, Greenbel:, MD), ATAA, Aercspace Sciences Meeting,
15th, Los Angelies, CA, Parper No. 77-151, 6 r2fs, Jan 24-25, 1977
Avail:TAC

~he perZcrmance of an axially grooved heat pipe with one-sided heat input and removal was
investigated analytically. Under zero-g condition the maximum heat =ransgort of the pije may
decrease as much as 30% depending on the liguid slug tehavior ia the ccndenser section. In
one-g environment the serZormance depends mainly on the f£luid charge. The maxinum neat transport,
i# over-charged, is almost egual to the value for uniform heating and cooling due =2 puddling
effect. Howaver, for scme hearer-cocler combinaticns the temperature drop acress the heat pirze
hecomes very large. Computed rasults for tilted heat piges ccmpare favorably with availabls
experimental data.

(3ZAT-TRANSPORT, PUCDLE, TILT)

ZIXI. C. FLUID FLOW

P77 32002 INVESTIGATION OF PERFORMANCE LIMITS IN AXIAL GROQVE HEAT PIFES Final Report

Feléman, R.T., Sr., (Oniv. of Y¥ew Mexico, NM), NASA-CR-137912, 42 p., July 1975, N77-11340
Avail:Tac ’

The entrainment-shear perfcrmance limit which occurs in axial groove heat piges was in-
vestigataed and axplained. In the existing heat zipe litsratura the entrainment neat Zlux limit
is defined as *he condition where the Weber number is grezater than or equal to one. - In Zhis
analysis, the critical value Zor the enecrainment Weber number is Zound to be 2 I, less than or
egqual to 3 I, Perhaps more imgportant to the heat pipe designer than the entrainment zcerlor=-
mance limit is the prediction of the performance degradaticn due to vapor-liguid shearing stress
which is alsc descriked. Preiiminary qualitative exgerizenzs ware conducted to observe the
shear strass wave formation shencmena. The squaticns presented may be used tc pradict and
minimize the vapor-ligquid shear stress performance effects that octuxr in axial groove and
prudéle flow artery heat pipes.

(ENTRAINMENT, SHEAR, WEBER-NUMBER, WAVE, PUDDLE-ARTERY
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40006/41010
IV, DESIGN, DEVELOPMENT, AND FABRICATION

IV. A. GINERAL

|
|
|

P77 40008 STUDY OF HEAT PIPES WITH ZXTENDED SURFACZIS FOR 7THE REMOVAL OF. HZAT FROM THE 3ULX
QF AN AGITATED LIQUID
Veraikov, E.M., Frolev, V.F., Romankov, 2.G., (TCSSR), Zzh. Prikl. Xhim., Leningrazd, Vv 2110,

N9, In Russian

An analytical expression is presented for determining the suitable applications of a
heat pipe as an intermediate heat carrier with a high utilization coefficient of the heac- !
transfer agent. Heat pires with the evaporation sections in the form of hollow, lzngitudinal

fins with screen capillaries and disks with threaded capillaries were examined. A dasign
method Zor a heac-transferring device with a disk evaporation section is presented.

(EZAT-TRANSFZIR, UTILIZATICY-COETTICIZNT) .

BP77 40006 STATUS OF DEVELOPMENT AND APPLICATION OF GAS~STABILIZED HEEAT-PIPE RADIATCRS

Roch, H., (Dornisr-Svstem GmbHE, Izmenstaad, West Garmany), Deutsche Gasellschafs f£{ir Luf:-
und Raumfahrt, Jahrestagung, 3%th, Munich, West Garmany, Paper 76-192, 28 p., Seot l4-15, 197s,
In German

The smplovment of a noncondensable cas in heat ;i;es makes it possible to obtain a certain
control effect which can be used for the stabilizaticn of the component temperatura. The
functicnal characteristics of gas-stabilized heat-pipe radiatoss are discussed and zasic
ohysical relaticnships are examined. 1A descripricn cf varicus gas—Stabi-i~ed hszat pige designs
is prasentad. rplications consicdersd are ralated ©o gas-stabilized heat-pipe radiaters for an
cutput multiplexer and for communications satel_ites of the MAROTS or OTS tyrve.

(CONTROL EFFECT, STABILIZATION, PUNCTIONAL-CYARACTERISTICS)

IV. B. WICXS

8277 41008 DETERMIVNATION QF THZ BASIC CEARACTERISTICS OF THEZ WICXS CPF dZAT PIPES
Mukharmmetdurdyeva, 0., 3erdyev, M., Toiliev, X., (Turkmenskii Gosudarstvennvi Universitet,
Ashkhabad, Turkmen SSR), Akademiia Nauk Turkrenskoi, Izvestiia, Seriia Fiziko-Tekianicheskikh,
Rhimicheskikh i Gaologicheskikh Nauk, p. 66-70, 6 refs, NS, 1975, In Russian

Sxperiments wera conducted on threse tyrves of metallic mesh wicks for heat cipes: two of
brass anc one of steel. The cbjective was :o decarmine values of capillary cermeability,
maximum height of £luid elevaticn in the porous wick, and effactive heat conductivity for the
three wicks and to compar=s these values wWith computed rasulis.

(METALLIC-MESH, VXE’?.iiNTAL- SUL’S)

BP77 41009 DESIGN CCNSIDERATIONS FOR CAPILLARY HEAT PIPES AT CRYOGENIC TEMPERATURES

Sukhia, S.2., Colet*a, G.C., Pellow, E.C., (Massachusetts Inst. of Tech., Oak Ridge, TN,
School of Chemical Enginsering 2ractics), 36 p., Oct 13, 1976
Avail:Tac

A cryogenic heat pire has been suggested as an eZficient means of transfarring heat frcm
a cooled comporent on a spacecraft. A thermodyrmamic analysis of the heat pipe cperation, at
eryogenic temperzatures, leads o the conclusicn sfhat the zadiane heat leak intd the systam
establishes a ainimum temperature diffarance for efficisnt operation - the c¢riterion heing the
abgence of fluid boiling in the wick. A design equation for the maximum heat trzansgort in the
wick is presentad and correlations £or wicking charagterisctics and wick dimensions are established.
A prelinminary design for the spacecrarft heatc pipe is presented. Operating conditicns and paysical
dimensions of the heat pize and wick are specifisd. Possible wick materials and configqurations
are discussed, and a specific apgroach f£or experimentation is raccmmended.

(THERMODYNAMIC-ANALYSIS, HEAT-TRANSPORT, WICXING)

P77 41010 COMPUTESR PROGRAM GRADE 2 FOR THE DESIGN AND ANALYSIS OF HZAT-PIPE WICIS

tninger, J.Z., Edwards, D.X., (TRW Defense and Spaces Systems Group, Redonde 3each, Ci), YNasSa-
CR-137954, 1ll4 2., Mov 1976, N77-14373
Avail:TAC

This user's manual describes the revised version of the computer pracram GRACDE(Ll) , which
designs and analyzas neat pipes with gradedporosity fibrous slab wicks. The revisicns are:
(i) automatic calculation of +he minizum csndenser-=néd stress that will not result i an excess-
liquid puddle cr a liquid slug in the vapor spaca; (2) numerical solution of che equations




describing $icw in the cirzumfersnctial gIcoves tD assess the turnout orizerion: (3) ~calculaticn
cf the conzribution cf excass l:iguié ia fillaws and suddlas to the heat-cransvors; (4) calzula-
tion of the efZsct Of parsial sacurazTion on tTha wick cer a: ané (3) zalculatrtizn oI zhe
Y -
=

eflacz of vapor flow, which includas viscousinerzial i

!
(GRADED~-POROSITY, NUMERICAL SCLUT-ON, 3URNCUT) ' ’ l

IVv. ¢C. MATERIALS

EP77 42091 4EAT PIPE MATERIALS COMPATIBILITY Final Repor:

Eninger, J.Z., Fleischaman, G.L., Luedka, Z.3., (TRW Systems CGroup, Redondo 3each, Ca), MNAZa-
CR-135063, 49 3., Jan 1976, N77-12182
Avail:TAC

An experimental program to evaluate noncondensable cas generaticn in ammonia heat zsiges
was completsd. A total of 37 heat pizes made of aluminum, stainless stzel and combinations
of these materials were processed by various tachnigues, coperated a:t different tamperatures and
tested at low temperature to quantitatively datermine gas genaration rates. In order of increas-
iang stability are aluminum/stainless combination, all aluminum and all stainless heat pipes. One
interesting resgult is tha idencificatien of intentionally introduced water in the ammonia duriag
a reflux step as a means of surface passivation 2o reduce gas generaticn in stainless-stsel/
aluminum heat gipes.

(STAINLESS~STEEL, ALUMINUM, GAS-GZYERATION)

HD77 42002 THE SLIMINATION OR CONTRCL OF MATERIAL PROBLEMS IN WATZR HZAT~-PIP?ZS. Semizannual
Progress Report, Jan 1~June 30, 1973

Pittinato, G.T., (McDonnell Douglas Astronautics West, Zuntington 3each, CiA), 41 p., JSuly 1975
Avail:TaC . )

A description is given of research and develorment efforts conducted on water heat pipes
from January 1 %0 June 30, 1375. The heat pipe life tests Sor the various candidate naterials
were continued. The copper ané nickel allovs showed a constant hicgh level of performance,
while the Zarrous allcys, excluding 430 S5, continued to undarco a slcw paerforxTance recsverv
prccess. DBiffusion calculacicns indicated that permeat=ion of hydrogen gas thrcugh the neat pige
walls is a feasible mechanism for explaining the performance recovery Drocess. A pOsSt tast
analysis of one heat pipe from each candidate mazarial was initiated aftar 102 days of testing.
Solid zarticlaes weraz Zfound in the water contained by the Monel 400 ané COA 715 »ipes. A scan-
ning electron microscopy study of the oxide on the inside surfacss of the heat pipes revealed
that tlie most tenacious and protactive cxide formed on the 316 S5. =leven additional heat pipes
were fabricated and are prasently being prepared for testing. These new tests include heavy
walled, self-venting, and cost reduction heat pirpes. :

(COPPER-NICXZL, FERROUS ALLOYS, PERFCRMANCZ-RECCVERY)




50017 L
Y, TESTING AND GPERATION \

P77 30012 TRANSPORT CHARACTERISTICS OF A ¥ZAT PIPE WITY WATER, METHANCL, AND TRION 113 AND!
SOME CHARACTERISTICS OF ITS OPSRATION ’ 1
|

lomasscobzen-b, V 3:216-222, 1976, In Russian

|

I
|

Srivastava, R.M., (Univ. of Roorkee, India), Varma, E.X., Sharma, R.C., V 3:387-392, NS, 3 refg.
Sept-Oct 1976

Avail.Tac
An experimental investigation has been carried cut ta study the efact of zhe wetting

Asakavicius, I., Gaigalis, V., Eva, V.X., V¥V sb., Te
Yo abstract available

Ls)

gP77 350013 OETEZRICRATION IM HZEXAT 2IPE PERFORMANCE WITH TXCZSS WETTING TLUID

fluid on the performance of an adiabatic heat pire having water-cotton-wick matrik in a copger

. - . . - . . . - - o . - -
ccntainer. It has fe2n Iound that when the wetting luld charge incra2ases bevend a certain
limxit, rapid deczease in the heat transiar rate occurs.

(HEAT-TRANSFER, WATER, COTTON-WICX)

HP77 350014 TEST CF EEAT PIPE UNCER SPACT CCNDITIONS

Gil, v.v., Vasil'ev, L.L., Zharikov, N.A., Zelenia, V.E., Svvorotka, O.M., Uvarov, E.I., (Inst.
Tepleo-I1 Massobmena in. Lykova, Minsk, USSR), Inzh.-Fiz. 2h., V 31:990-395, W6, 1976, In Russian

The results of testing a heat Dipe meunted on the space vehicle Intercosmos-1l during its
operation in interplanetary stace are given :tscether with a tyizf description of tha heat pirpe.
Freon-ll was tie working Iluid. The oterating conditions were: working temparature -3 to +30°C
heat flux 10 W at jemperature drop <3°9C, and heav Zlux diZference between the heated and cooled
parts of 0.2S W/cm~. With a temperature drop along the pipe langth of <2-39C, toral heat flux
<20 W was ensured. The results obtained in weightlassness were compared with those obtained
with a model in a barcchamber on earth. Relatively good agreement was obtained.

(WEIGHTLESSNESS)

P77 30013 SXEPERIMENTAL STUDY CF A COAXIAL ZZAT 2PIPE WITH ZXCISS LIQUID

Ronovalov, A.S., Intensif. Protsaessov Parencsa Energ. Veshchestva Poristykli Sredakh Nizk. Temp.,
Vv 31, NS, 1975, Ia Russian

The performance of a vertical coaxial, heat pire was examined experimentally with water.
Results ars given in graphs Zor the temperatura distridution along the evaroration convacticn
sections at difZerent throughputs through the annulus. ZExgerimencal results wers exprassed by
ek = 0,214(GrPx) 0.2, valid for the flooded par+t of the annulus, where ek = lek/\, ek is the
thermal condition, taking account of convection, i the thermal condition withouf taking account
of convecticn, Gr and 2r are the Grashof and Prandtl nos., resp., and Gr®r = 10°-10‘. The mean

value of the outer and ianer diameters of the tubes fcrming the annulus is taken as the charac-
teristic length.

{TEMPERATURE-DISTRIZUTICN, ZEAT-TRANSFER) |

BP77 50016 INVESTIGATION OF FLOW AND INTERNAL HEAT TRANSFER IN PORCUS FIZER MATERIALS

Letiagin, Vv.G., Xhalatov, A.A., Shchukin, V.X., Baigaliev, B.E., Xostornov, A.G., Shevchuk, M.S.,
(Xazanskoi Aviatsicnnyi Institut, Xazan, USSR; Akademiia Nauk Uxrainskio SSR, Institut Problem
Matsrialovedeniia, Xiev, Ukxrainian SSR), Teplofizika Vysckikh Temperatur, V 14:412-415, 9 sefs,
Mar-apr 1976, Ia Russian .

The parer describes the experimental iavestigaticn of the intermal heat transfer of a
Porsus metallic material - moncdisperse nickel fibers with a diameter of 290 micrcmetars and a
length of 9 =m prepared into disks with a diametar of 30 mm and a thickness of 6.95 %o 10.1 =m -
during coolant flow throuch the matarial. Data on the dependence of the analog of the ccefficient
of friction of %he material on the Revnolds number reveals a laminar Slow -agime in the scecixzens
examired. Specisens were induction-heated, and the temperature of the inner and outer surface of
the specimens and coolant tamperature in Iront of and in back of the specimens were measured bv
Nichrome thermcccuples. These data were used to determine the internal heat transfer coefficianzs.

(WICX MATEZRIALS, FLCW REGIME)

EP77 50017 EOMOGZUEOUS AND ARTEIRY WICX CRYOGENIC HEAT PIPES: ANALYSIS AND DEVELCPMENT

Pauluis, G., (McGill University, Canada), 1376
Avail:T™ac

Cotter's analysis of %le capillarv lizit in heat pipes is medified by introducing an
irreversible interpnase transfer pressuvre irop. The method is applied to horegenecus-, arnular-,
artery-, and hybrid wick stsucturss. 2rior crycgenic nReat pice recorts are analyzed and differ-
ences between %theoratical and practical linits ara discussed. A test installation is described

u

10




50018

in whiclh the eguirment is ccmputsr <snezolleé and the dacta aczuisition complemaly autcomatad
The constructicnal dat2ils oI zhrse heat pipes are givan. A thick - homegenecus - wick hsa
was cgeratsd with Sxygen and nizzsgen as Qo:k;:g Zluids. I=3 pradicted and ortserved cacillazy
iinizs ars in zood agraamenct. Larga racdial tamperature diZfarencss wers observed., The onset
yf a £iiz 2eiling regixe was shcwn. UnsuccessZul atfsmpus have been made L0 runm a nitrogen

rtery wWick heat pirce iasp;:e many nmodificacicns macde in the structure., The Zailurse i3 at-
t..bu ted €0 poor licuid éis -—;but--. in the evaporatcr.

(BEYBRID-WICX, CONSTRUCTION, MODIFICATIONS)

[V

077 546018 NUCLEATE BOILING I THIM LIQUID FILMS
Rivers, A.D., Mackenzie, D.X., Marto, 2.J., (Dept. of Mech. Ingr. Naval Postgraduaxs School,
Mcntarsy, CA), Paper YNo. 16, presented at +the American Institute of Chemical Zagineers, lsti
Naticnal Heat Transfer Confarences, St. Louis, MO, Aug 8-1il, 1376
Avail:TacC

Txperimental rasults are sresented £ isrilled wazer, ethvl alconol and Treon~11l3 at
agmesgheric prassurs with liguid levels ranging Srxem zcol depths ¢f 25 mm down o zhin Zilns
near 0.3 =m. ZFool boiling data zomoar favoranle wis=h the Rohsenow cor=alation. Tamgperacursa
measurenents with thermocou,les and l-quld crystals show taat liguid level has liz la effecs
on the heat transfer coefficient above a level of 5 mz. BSelow this level however, there is an
increase of up to 50 perceat in the heat transfer coefficient as the level is reduced, until

dryout occurs. All the thin film data compare satisfac o'zly with the provosed corralation of
Nishikawa. .

(SEAT-TRANSFER-COEFTICIZENT, HEAT-TRANSFER)
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APPLICATICN, ELECTRIC-PGCWER=GE
APPLICATIONS, DESIGN# /CHNICAL
APPLICATICNS, HSATING, COCLING
APPLICATICNS, NUCLZAR SYSTEMS#
APOLICATICNS, VCHP#
APPLICATICNS# /T—PIPE-THEORY=P
ARTERY WICKe, CRYQOGENIC-HEAT=-PIL
AXIAL~GROOVE-HEAT-PIPES, ENTRA
AXIALLY=-GRGOVED=-HEAT=-PIPE, PER
BASIC-CHARACTERISTICS, WICKS,
BRAZING, SFFICIENCY# /PIPE=VAC
BUFFER=GAS, PRESSURE=DRGPS, 4l
BULK~AGITATED=LIQUID, HEAT=TRA
SURNCUT ¥ /YSIS, wiCKS, GRADED-
CAPILLARY-HEAT=-PIPES, CRYGGENI
CERAMIC, HEAT=PIPE., HEAT=EXCHA
CHEMICAL-DISSOCIATION, ELSECTRO
CHEMICAL~REACTICNS, METAL=VAPO
CHEMILUMINESCENT-REACTIONS, HE
COAXIAL=-HEAT=-PIPE, EXCESS=-LIQU
COLLECTCORSs WEST—-GERMANY s HEAT
CCMMUNICATIONS-TECHNCLOGY=SATE
COMPATIBILITY, STAINLESS~STEEL
COMPCNENTS, INSTRUMENTS, VERY-
COMPUTER PRCGRAM# /LIQUID, DRY
COMPUTER-PROGRAMs DES IGN=-ANALY
COMPUTER# /~-PlPE., PRESSURE, VE
CONCENTRATCRA® /WER-GENERATION,
CCNDENSAT ICN=HEAT=TRANSFERs SO
CONCUCTIVITY, CONTACT~-RESISTAN
CCNSTRUCTIGN, MODIFICATIONS# /

CONTACT-RESISTANCE# /OLAR-COLL

CONTRCL EFFECTs STABILIZATICN,
CONTROL s MATERIAL-PRCBLEMS, #A
COOKINGs APPLIANCES# /TIONS. H
COOLINGs VENTILATION, COOKING,
COPPER-NICKEL s FERROUS ALLOY3,
CORE# /RMOELECTRIC-CONVERTERS.
COTTON—WICKA# /+» EXCESS=WETTING
CRYOGENIC-APPLICATIONS,s GCRIFIC
CRYQOGENIC~GAS=REGULATED=HEAT-P
CRYQOGENIC~-HEAT=PIPES, ANALYSIS
CRYCGENIC-TEMPERATURESs THERMO
DENSITYs CCMPUTERS /-PIPE,s PRE
ODES IGN~ANALYSIS. WICKS, GRADED
DES IGN-CONSIDERATIONS s CAPILLA
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S/ HEAT-PIPE-THEZRY=-PRIACTICE,
INSTRUMENT~APPL [CATIGNS
RY=LOW=-TEMPERATURES, SHUTTLE,
REVIEWs WICKSs APPLICATIONS,
ATCR, HEAT-RECTSVERY, LEAKAGE,
e GAS—-STABILIZEDs HEAT-PIPE-/
YOGEMIC-HEAT=-PIPES, ANALYSIS,
PES., MODELING. EXCESS-LIQUID,
HEAT-PIPE-SADIATORS, CONTROL
CEy HEAT-TREATMENTSs HBRAZING,
~CCNSIDERATIONS . APPL ICATION,
ATICNs CHEMICAL-DISSGCIATIGN,
~PROBLEMS, WATER, COPPER-NIC/
EATING, COOLINGe VENTILATION/
LED# SC-14+ GF=VALUESs OVEN,
ION, AXIAL-GROOVE=-HEAT=-PIPES.,
AMM/ PERFORMANCE-ZVALUATION,
FLOW=VARIABLES=-0ETERMINATION,
UCTANCE~HEAT-PIPES, MODELING,
TAL-STUDY. COAXIAL-HEAT-PIPT,
N/ PERFORMANCE=-DETERICRATION,
ISTICS, WICKSs METALLIC-MESH,
AT=-PIPE, EXCESS-LIQUIDs TEMP/
Ls BULK=AGITATED-LIQUIDs HEA/
PIPE=-THEORY~PRACTICEs DESIGN,
GBLEMS. WATERs COPPER-NICKEL,
-APPLICATIOINS. CORIFICE,., TILT,
AT—-PIPE, INTERNAL=AXIAL=FINS,
-CONDUCTANCE=-HEAT=PIPES. MOD/
ER=-MATERIALS, WICK MATERTIALS,

SVAPGRATOR, NONUNIFORMLY~HEA/

PORCUS~FIBER=~MATERIALS s WICK/
ACTERISTICS:s WATERe. METHANGL
RTERSs THERMIONIC~CONVERSIGNS,
RS+ SPACE~POWER=-APPLICATIONS,
ONTROL EFFECT., STABILIZATION,
RNACEs HEAT-TREATMENTS, BRAZ/
LE-NONCCNDENSABLE~-GASs MODEL e
ATICON, THERMAL-DISSCCIATIONs/
Ys STAINLESS~STEEL., ALUMINUM,
TEMPERATURE-REGIMES~-ANALYSIS,
VELOPMENT~-APPLICATION=STATUS,

INDUCTIVELY~COUPLED # S5C=I1,
GRAMs DESIGN—ANALYSISs WICKS,
HEAT-REC/ CERAMIC, HEAT=-PIPES

CHEMILUMINESCENT-REACTICNS »
ATION=-STATUSs GAS=-STABILIZED e
R=APPLICATICNS, FUELS, MOLYS/
IGN. FABRICATION, APPLICATIO/
=TREATMENTS s BRAZ/ GAS—FIRED,
CUPERATORs HEAT=REC/ CERAMICS
APORATORs NONUNIFORMLY-HEATED
uscssS» A

DESIGNs FABRICATICNs APPLICATI
DESIGN, MANUFACTURES®

DSSIGNe OPTIMIZATION, RACIATOR
DESIGN# /CHNICAL=APPLICATICNS.
DESIGN# /T-EXCHANGERS s RECUPER
DEVELGCPMENT=APPLICATION—STATUS
ODEVELDOPMENT . HYBRID-wICKe CONS
ORYCUT=LIMIT, VAPOR=INTERACTIO
EFFECT, STABILIZATION, FUNCTIO
SFFICIENCY# /PIPE=VACUUM=FURNA
ELECTRIC-PCWER-GENERATICN, NON
ELECTRUCHEMICAL=OISSCCIATICNS
SLIMINATIONs CONTRCLe. MATERIAL
ENERGY—CRISISe APPLICATICNS, H
ENERGY=LEVEL. INODUCTIVELY=-COUP
ENTRAINMENT » SHEAR. WEBER=NUMB
ESA-HEAT-PIPES, IHPE, ACSTONE,
EVAPORATOR, NONUNIFORMLY-HEATE
EXCESS=LIQUIDs ORYSUT=LIMIT, V
EXCESS5-LIQUID, TEMPERATURE=-DIS
EXCESS=-WETTING=FLUID, HEAT=TRA
EXPERIMENTAL-RESULTS# /ARACTER
EXPERIMENTAL=STUDYs COAXIAL=HE
EXTENDED=SURFACES. HEAT-REMAVA
FABRICATICN. APPLICATIONS# /T-
FERROUS ALLOYS. PERFGRMANCE=-RE
FILM=CGEFFICIENTS# / CRYGGENIC
FINITE-ELEMENT, HEAT-TRANSFER-
FLIGHT=-DATA-ANALYS1S, VARIABLE
FLOW REGIME# /SFER, PORCUS-FIB
FLOW=VARIABLES=-DETERMINATION
FLOW, INTERNAL=-HEAT=TRANSFER.,
FREON=-113, OPERATION# /RT—CHAR
FUEL+ CORE# /RMCELECTRIC=CONVE
FUELSe MOLYBDENUMe LIQUID=META
FUNCTIONAL~-CHARACTERISTICS# /C

GAS=-FIRED, HEAT=PIPE=VACUUM=-FU -

GAS—FRONT, CPTICAL-METHQD# /UB
GAS—~GEZNERATICN, LONG-TERM—-0OPER
GAS=GEZNERATIONA / COMPRATIBILIT
GAS—-REGULATED-HEAT=PIPEs BUFFE
GAS=STABILIZED, HEAT=-PIPE-=RADI
GF=VALUESs OVENs ENERGY-LEVEL,
GRADED-PORCSITYs NUMERICAL SOL
HEAT-EXCHANGERS » RECUPERATOR

HEAT-PIPE-CVENe SPECTRA, CHEMI
HEAT-PIPE-RADIATCRSs CONTROL E
HEAT=-PIPE-REACTCRSe SPACE-PCWE
HEAT-PIPE=-THEQRY-PRACTICE, DES
HEAT=-PIPE~-VACUUM=FURNACE» HEAT
HEAT=P IPEs HEAT-EZXCHANGERS, RE
HEAT-P IPE, PRESSURE, VELCCITY,
HEAT=-PIPESs HEAT~SUPPLYs HOTHO
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ICNS, REVIESWs, WICKS, APPLICA/
HEAT-EXCHANGERS, RECUPERATCR,
QUID, HEA/ EXTENDED=-SURFACES,
HEAT=-PIPES.,.
NG-HEAT-PIPE, INTERNAL-AXIAL/
E=-B8CILINGs THIN-LIQUID=FILMS,
L=AXIAL=FINSs FINITE-ELEMENT,
LICATIONS, VCHR#
EMOVAL,s BULK=AGITATED~LIQUID,
RATIONs EXCESS-WETTING-FLUID,
10y TEMPERATURE=DISTRISUTICN,
Ss HEAT=TRANSFER=CJEFFICIENT,
CCVED—-HEAT~PIPE, PERFORMANCE,
URESs THERMODYNAMIC-ANALYSIS,
EDe HEAT=-PIPE~-VACUUM=FURNACE.,
ENERGY—-CRISISs APPLICATIONS,
SEs CCLLECTORSs WEST~GERMANY,
GENIC-HEAT=-PIPESs ANALYSIS, /
HEAT=2IPES, HEAT=-SUPPLY,
PIPESs ANALYSI3, DEVELOPMENT,
E-EVALUATION, E5A-HEAT-PIPES,
F=VALUESs OVENs ENERGY-LEVEL,
Ne MANUFACTURE#

. =CONTROL-METHODSs COMPCNENTS,

ANALYSISs ROTATING~HEAT~PIPE,
-FISER-MATERIALS, WICK/ FLQOW,
s RECUPERATOR. HEAT=-RECQVERY,
LICATICONS, FUELS. MOLYBDENUM,
I1SSOCIATIONs/ GAS=GENERATION,
TRUMENT=-APPLICATIONS, DESIGN.
CATION, ELECTRIC-POSER-GENER/
ER~NIC/ ELIMINATION, CCNTROL,
NLESS=STEEL» ALUMINUMs GAS=G/
POROUS=-FIBER-MATERIALS ¢ WICK

SPECTRA, CHEMICAL-REACTIONS,
BASIC=~CHARACTERISTICS,» WICKS,
SPORT-CHARACTERISTICS, WATER,
v SOLUBLE-NONCCONDENSABLE-GAS,
I ABLE~CCNDUCTANCE-HEAT-RIPES,
Te HYBRID=WICKs CONSTRUCTICN,
CE-POWER=APPLICATIONS,s FUELS,
Ny ELECTRIC-PCUER-GENERATICNS,
ELECTROCHEMICAL-DISSOCIATION,
ES-DETERMINATIONe EVAPORATOR,
TALS, AERQSPACE APPLICATIONS.,
FILMS, MEAT~TRANSFER~COEFF lC/
YSIS, WICKSs GRADED-PORGSITY,
AXIALLY~GROOVED-HEAT-PIPE, P/
e WATER, METHANCL s, FREON=-113,
NSABLE~-GAS, MODEL. GAS-FRONT,
EMPERATURES. SHUTTLE., DESIGN,
PIPE, CRYOGENIC-APPLICATIONS,
Y-COUPLED# SC=1+« GF=VALUES,

HEAT=-PIPES. TECHNICAL=-APOLICAT
HEAT—-RECOVERY ¢ LEAKAGE, DE3IGN
HEAT=-REMOVAL, BULK=AGITATED-LI
HEAT=-SUPPLY, HOTHCUSES#
HEAT=-TRANSFER=-ANALYSISs RCTATI
HEAT=TRANSFER-~-COSFFICIENT, HEA
HEAT—TRANSFER—~RATE# /e INTERNA
HEAT~TRANSFER, SPACECRAFT, APP
HEAT-TRANSFER, UTILIZATION=-CQE
HEAT—-TRANSFSRs WATERs COTTON—W
HEAT-TRANSFER# /Ee EXCESS=LIQU
HEAT=TRANSFERI# /IN-LIQUID=-FIL 4
MHEAT—-TRANSPORT,» PUDDLE, TILT#
HEAT=-TRANSPORT, WICKING# /ERAT
HEAT=-TREATMENTS s BRAZING, EFFI
HEATING.: COGLINGs VENTILATION,
HEATINGs STORAGES# SCLAR=-HQU
HOMCGENEQUS e ARTERY WICK, CRYO
HCTHCUSES #

HYSRID=WICK ., CCNSTRUCTICN,s MGO
IRPE, ACETCNE. AMMONIA, ROCKET
INDUCT IVELY=CCOUPLED# SCc=1¢ G
INSTRUMENT-APPLICATIONS, DESIG
INSTRUMENTS s VERY=LOW-TEMPERAT
INTERNAL=-AXIAL-FINS, FINITE-EL
INTERNAL=-HEAT~-TRANSFERs PORCUS
LEAKAGE, OESIGN# /T-EXCHANGERS
LIQUID-METALS, AERGSPACE APPLI
LONG=TERM—=CPERATICN, THERMAL-D
MANUFACTURE# ' INS
MATERTIAL=-CUNSIDERATIONS, APPLI
MATERIAL-PROBLEMS, WATER, COPP
MATERIALSs COMPATIBILITY, STAI
MATERIALSs FLOW REGIME# /SFER,
METAL-VAPCRSs CXIDIZERS# /VEN,
METALL IC-MESHes EXPERIMENTAL=RE

METHANCLs FRECN-113+ GPERATIOCN

MODELs GAS=-FRONTs OPTICAL-METH
MODEL ING, EXCESS-LIQUIDs DRYOQU
MODIFICATICNS# /1S, DEVELCPMEN
MOLYBDENUM, LIQUID-METALS, AER
NOGNCONOENSABLE=~GASESe WATER. C
NGCNCONDENS ING~GAS# /OCIATION,

NONUNIFORMLY=-HEATED HEAT=PIPE,
NUCLEAR SYSTEMS# /Ms LIQUID=ME
NUCLEATE=-BOILINGy THIN=-LIQUID=
MUMERICAL SCLUTION, BURNOUT# /
ONE=SIDED~HEAT-INPUT-EFFECTS,

OPERATION# /RT=CHARACTERISTICS
OPT ICAL~METHOD# /USLE=NGNCONDE
OPTIMIZATICN, RADIATOR¥ /LOW—T
ORIFICE, TILT, FILM=COEFFICIEN
OVENs ENERGY=LEVEL., INOUCTIVEL
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[CAL—REACTICNSs METAL=VAPGRS,
ESS=WETTING=FLUIDe HEAT=TRAN/
AT=PIPES, IHPE, ACSTONE, AMM/
ONs AXIAL=GROJVE-HEAT=PIPES,/
CPPER=NICKEL,s FERRGUS ALLOYS,
Ss AXIALLY-GRGOVED—-HEAT—-PIPE,
FLOWs INTERNAL-HEAT-TRANSFER,
ULATED=-HEAT~-PIPE, BUFFER=~GAS,
ONUNIFORMLY-HEATED HEAT-PIPE,
+ VAPOR-INTERACTIGN. COMPUTER
T. SHEAR. A4EBER=-NUMBER, WAVE,
PERFORMANCESs HEAT=TRANSPCRT,
NTRCLes SOLAR-COLLECTCRSe THE/
HUYTLE, DESIGN., OPTIMIZATICN,
s HEAT=-PIPE, HEAT~-EXCHANGERS,
TERIALS, WICK MATERIALS. FLOW
IPES, TECHNICAL—-APPLICATICNS,
I1PES, IHPE, ACETONEs AMMCNIA,
XIAL/ HEAT-TRANSFER=ANALYSIS,
LEVEL . INCUCTIVELY-COUPLEDS#*
OOVE=-HEAT-PIPESs ENTRAINMENT,
MENTS, VERY=LOW-TEMPERATURES,
_VE=TRANSFER,s THERMAL=CONTRQOL.
GERMANY., HEATING, STORAGES#
CONDENSATION=HEAT-TRANSFER .,
S+ GRADED-POROSITY, NUMERICAL

Ss# , TEST,
Se MOLYB/ HEAT-PIPE-REACTORS,
# : HEAT=TRANSFER,

NT=-FEACTIONS» HEAT=PIPE=QVEN,
PE-RADIATORS, CONTROL EFFECT.,
-G/ MATERIALS: CUOMPATIBILITY,
CTORSs WEST-GERMANY, REATING,
ROSPACE APPLICATIONSe. NUCLEAR
s WICKS, APPLICA/ HEAT=-PIPES,
IAL-HEAT-PIPE, EXCESS~LIQUID,

GAS=REGULATED-HEAT=PIPEs BUF/.

EAT-PIPE. PRESSUREs VELOCITY,
RIMENT-PACKAGE s COMMUNICATIO/
LESSNESS# :

S=TECHNOLOGY-SATELLITE. VCHP,
PEs ACETONE, AMMONIA s RGCKET,
AL-CONTROL» SOLAR-=COLLECTORS»
NENTS, INSTRUMENTS, VERY=-LOW/
GRSy THE/ RADIATIVE=TRANSFER
ENIC-APPLICATICNSs ORIFICE, /
ERATION, LONG-TERM—QOPERATIONS
IC~-THERMOELECTRIC=CONVERTERS o
ERTERS., THERQMIONIC-CONVERSIO/
IPESs CRYCGENIC-TEMPERATURES e
ER~COEFFIC/ NUCLEATE-B8QILINGs
OGENIC=-APPLICATIONSs CRIFICE,
ANCE, HEAT-TRANSPGORT, PUDDLE,

OXICI2ERS# /VEN. SPECTRA, CHEM
PERFORMANCE~DETERIORATIONS EXC
PERFORMANCE—EVALUATION, ESA-HE
PERFORMANCE=LIMITS=INVESTIGATI
PERFCRMANCE~RECOVERY ¥ /ATER. C
PERFORMANCEs HEAT—TRANSPORT, P
PORCUS~-FIBER=MATERIALS, WICK M
PRESSURE-DROPS. WICK# /GAS=REG
PRESSURSE, VELOCITY, TEMPERATUR
PROGRAM# /LIQUIDs, DRYOUT=LIMIT
PUDDLE=-ARTERY# /ESs ENTRAINMEN
PUDDLE, TILT# /CVED=HEAT=-PIPEZ,
RADIAT IVE=TRANSFERs THERMAL=CO
RADIATOR# /LOW—TEMPERATURES, S
RECUPERATOR, HEAT=-RECOVERY, LE
REGIME# /SFER, PORUOUS~FIHBER=-MA
REVIEW, WICKS, APPLICATIONS, O
ROCKETs TESTSH# /ONs ESA=REAT=P
ROTATING=HEAT=~P IPE, I[NTERNAL=-A
SC~Te GF=VALUES, CVENs ENERGY=-
SHEAR, &EBER-NUMBERs WAVE. PUD
SHUTTLE, DESIGNe GCPTIMIZATIONS
SOLAR-COLLECTGRS, THERMAL COND
SOLAR=-HQOUSE, CCLLECTCRS. WEST=-
SOLUBLS-NONCONDENSABLE~GASe MO
SOLUTION, BURNQUT# /Y¥YSISs WICK
SPACE=CCNDITICNSs ¥EIGATLESSNE
SPACE—POWER—APPLICATIONS, FUEL
SPACECRAFT: APPLICATICNS, VCHP
SPECTRA. CHEMICAL=REACTIGNS, M
STABILIZATION,s FUNCTIONAL=CHAR
STAINLESS=STEEL s ALUMINUM, GAS
STORAGE # SOLAR-HOUSE, COLLE
SYSTEMS# /M, LIGUID=METALS., AE
TECHNICAL—~APPLICATIONSs REVIEW
TEMPERATURE=DISTRIBUTION, HEAT
TEMPERATURE~REGIMES=ANALYSIS,

TEMPERATURE s ODENSITY, COMPUTER

TEST—-PRCGRAM, TRANSMITTER=EXPE
TESTs SPACE-~CUNDITICNS, WEIGHT
TESTS, TRANSPONDER¥ /UNICATION
TESTS# /0ONe ESA-HEAT=-PIPES, IH
THERMAL CONDUCTIVITY, CONTACT-
THERMAL~-CONTROL-METHODSs COMPO
THERMAL-CONTROL s SOLAR=COLLECT
THERMAL-DIQDE~-HEAT=-PIRPE, CRYOQG
THERMAL—-DISSCCIATION, CHEMICAL
THERMICNIC-CONVERSION. FUEL, C
THERMIGNIC-THERMCELECTRIC=CCNYV
THERMODYNAMIC—=ANALYSISs HEAT-T
THIN-LIQUID=FILMS, HEAT=TRANSF
TILT, FILM=CQOEFFICIENTSH / CRY
TILT*® /QVED-HEAT=PIPE, PEXIFORM
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o COMMUNICATIUW/ TEST-PRCGRAM,
CLOGY—~SATELLITEs VCHPe TESTS,
ERs METHANOL s FREQON=-113, CPRE/
ITATED=-LIQUIDs HEAT=TRANSFER.,
EXCESS~-LIQUIDs DRYCUT=LIMIT,

Se MCD/ FLIGHT=DATA=-ANALYSIS,
CATICNS=TECHNCLCGY=SATELLITE,
ERs SPACECRAFT» APPLICATIONS.,
Y-HEATED HEAT-PIPE, PRESSURE,
PLICATIONS,y HEATINGs CCCLING,
CCSe COMPCNENTSs INSTRUMENTS.
~ATIONs NCNCUONOENSABLE-GASES.
e CONTROL, MATZRIAL-PRCBLEMS.,
WETTING=FLUIDy HEAT-TRANSFER
€/ TRANSPORT—-CHARACTERISTICS.
AINMENT, SHEARs WEBER-MNUMBERS
AT=PIPESs ENTRAINMENTs SHEAR
TESTs SPACE-CONDITIONS,

# SCLAR=-HQOUSEs COLLECTORSS
SFER, PCROUS~-FIBER-MATERIALS,
ALYSIS,s / HOMOGENEDUS. ARTERY
¢ BUFFER=-GAS, PRESSURE=DROPS,
MIC—ANALYSIS, HEAT=TRANSPORT
CHNICAL—APPLICATICONSs REVIEW,

_TER-PROGRAM, DESIGN=ANALYSIS,
"NTAL=-/ BASIC-CHARACTERISTICS.

TRANSMITTER=CXPERIMENT=PACKAGE
TRANSPCNDER#¥ /UNICATIGNS-TECHN
TRANSPORT~CHARACTESISTICSe wAT
UTILIZATION=COEFFICIENT# /K=AG
VAPOR=INTERACTICNe COMPUTER PR
VARJABLE=CCMNDUCTANCE~-HEAT=-PIPE
VCHP s TESTSs TRANSPONCER# /UNI
VCHP# HEAT=TRANSF
VELCCITY, TEMPERATUREs DENSITY
VENTILATICNs CCOKINGs APPLIANC
VERY=LOWN=TEMPERATURESs SHUTTLE
AATER, CONMCENTRATCRA# /WES=GENE
HATER, COPPER-NICKEL, FERRQOUS

WATERs COTTON~-WICK# /s EXCESS~-
WATERs METHANGOL. FREON-113, OP
WAVE, PUDDLE—-ARTERY# /ES, ENTR
WEBER-=-NUMBER, WAVE, PUDDLE-ART
WEIGHTLESSNESS#

WEST-GERMANY, HEATING. STCRAGE
AICK MATERIALS. FLCW REGIME® /
#ICKys CRYCGENIC—HEAT-PIPESs AN
NICK# /GAS~REGULATED-HEAT=-PIPE
HICKINGH /JERATURESs. THERMGDYNA
WICKSe APPLICATICNS, DESIGN# 7/
#{CKSy GRADED-PCRCSITY, NUMERI
#ICKSy METALLIC-MESHs, EXPERIME
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GOLCFF A

HEAT PIPE COCLING OF A ROTARY ENGINE FROTCR
UeSe PATENT 4214631

MARCH 29, 1977

SCHUMACHER F A

HOUSEHOLD REFRIGERATCR HAVING A CGCR COCLING APPARATUS
UeSe PATENT 40135442

APRIL S, 1977

SCHLADITZ H J

HEAT PIPE

UeSe PATENT 42156S9
APRIL S, 1977

HCNDA 1 TAKASU S
ONUKI Y

HEAT PIPE PROCESS AND APPARATUS FGR MANUFACTURING SAME
UeSe PATENT 4018269 .
APRIL 19+ 1977

i~

MCCREADY R G EGGERS P E
HEAT PIPE CCOLING SYSTEM FOR ELECTRONIC LEVICES

UeSe PATENT 401S9CSS8

£0021
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0002S

APRIL 19, 1977

KOSSON R L QUADRINI J A )
GRAVITY ASSISTED WICK SYSTEM FOR CONDENSERSs EVAPORATORS
AND HEAT PIPES '
UeSe PATENT 40158571
APRIL 26, 1977

GROVER G M .
HEAT PIPE AND METHCD AND APPARATUS FOR FASRICATING SAME
UeSe PATENT 4020898

MAY 3. 1977

DECK w P

HEAT TRANSFER DEVICE
UeseSe PATENT 4221816
MAY 3, 1977

SCHERBAUM F
THYRISTAOR COOULING ARRANGEMENT
UeSe PATENT 4Q23615

ROBERTS C C JRe
MEAT PIPE SWITCH
UeSe PATENT 4026243

May 31. 1977
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